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Introduction 


This study was performed to determine the requirements necessary to ensure a viable 
space station in the event of a delay in the date of the first element launch, and/or in 
the event that the nominal assembly sequence is interrupted, perhaps due to a delay 
in the space shuttle launch schedule. Orbit lifetimes, reboost fuel requirements and 
controllability requirements were calculated for each stage of the space station 
assuming anywhere from a 6 to 24 month delay/intemiption in the baseline space 
station assembly sequence. These results were assessed in order to formulate 
reboost/altitude strategies to assure station viability in the presence of assembly 
sequence delays and interruptions. 
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The objective of the study was to define the requirements necessary to insure a viable space station in the event of a delay in the date 
of first element launch, and/or in the event that the nominal rendezvous sequence is interrupted, perhaps due to a delay in the Shuttle 


0 > 

I 

o 

C/5 

-C 

o 


& 


a 

£ 


<L> 


03 


2 


II I I III I Illy II!: :J Id [III! i il Hill. 


FREEDOM 


Si 

C Q. 
(0 p 

-Is 

8fi 

® T 3 (D 

cK ^ 

£ "§ 3 

gig 

MR 
o — 1 <D 
^ -S TJ 

s i s 

g I 75 

§ “j § 
•5 g § 
O’ IT Z 

<D “■ 

*“ ^ 04 


C C CO 
O F <5 

o b co 




LaRCSSFO 



Factors Which Impact SSF Viability 
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Factors Which Impact SSF 
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Reboost profile following annunciation 


Factors Which Impact SSF Viability (continued) 
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The following general assumptions and ground rules were adopted and preserved throughout the course of this study : 
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Length of delay unknown at time of annunciation 
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Assumptions (concluded 
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Multiple SSF Configurations 

Multiple Reboost Profiles / Multiple Contingency Delays 
Multiple Attitudes (when appropriate) 



The remainder of the report is divided into two parts : the effects of first element launch delay on reboost and resupply, and the impact 
of an interruption to the nominal rendezvous sequence. 
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Baseline Assembly Sequence Hydrazine Fuel History 
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There is sufficient fuel on the station at all times 
during the assembly sequence to support the 
nominal assembly and reboost plan. 
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Sequence Fuel History for a 24 Month FEL Delay 
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Possible Solutions / Impacts 
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Possible Solutions / Impacts 


0 


0 

E 

0 

.0 

o 

L_ 

■ Q. 
<D 

o 0 

c E 

o> 

•7 4 -» 

2- ® 
(X «*- 

<D = 
» >> 

Eg 

0 ) 

.. 0) co 
0 (/) <£ 
ts <0 0 


cc 

0 c/) . 
■£ < (0 
Q) *+- C 

E ° ® 

® 83 

fl) 3 O 

5 2 a 

JC £ <D 

o t: E 

0X5 

0(0® 


O) 

c 

■o 

0 

o 

3= 

o 

<1) 

E 


O) >* 
x (0 

!H 

(0 o 
c o> 

.2 co 
.■e co 

5 2 

12 *o 



• ■ 
0 

v 

o -o 
0 o 0 

CO co +* 

A 

e 

0 ■*“' +* 

O 0 O 

IM 

CO 

0 0)0 

*3 JC C 


»- C c 

0 O tn 

— 4-* 0 

75 

3 0 J 

0)0) 0 


O" 0 0 

O t o 


0 0 O 

- CO Q 

>.CC OQ 

{2 i i 

■ ^Hi 

o 

1 1 

if) 

0 



a 


75 

0 


c 

o 


o 

»_ 


■ enaa 

0 


T3 

o> 


TJ 

< 

3 



CD 

■o 

3 


JQ 

E 

a> 

CO 

CO 

< 

0 

0 

75 

CC 


- Requires some off loading of assembly elements, 
(leading to additional flights or the use of ASRMs). 

- Increases orbit lifetime to 150 nmi. 



Assembly Sequence Fuel History - All flights at 220 Nautical Miles 
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Assembly Sequence Summary 
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Assembly Sequence Configuration Characteristics and Reboost Fuel Requirements 
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Assembly Sequence Configuration Characteristics and Reboost Fuel Requirements 
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Assembly Sequence Reboost Requirements for 6 & 12 Month FEL Delays 
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ORIGINAL PAGE IS 

OF POOR QUALITY 


TOTAL FUEL = 66724 TOTAL FUEL = 84840 



Assembly Sequence Reboost Requirements for a 24 Month FEL Delay 






O 

o 

o 

*0 

in 

m 

O 

in 

in 

n 

If) 

O 

o 

o 

m 

o 

O 

n 

m 

in 

n 

O 

m 

o 

o 

o 

n 

n 

o 



i — i 



CO 

CT) 

Cl 

Cl 

Cl 

*n 

£'' 

X 

X 

C 3 

<o 

in 

o 

x 

CT 

CT 

X 

in 

m 

o 

CO 

'f 

CM 

X 

CO 

CO 

00 

o 






03 

t* 

CD 

X 

TP 

T 

CT 

CD 

CO 

X 

CD 

CO 

Tp 

co 

CD 

CO 

Cl 

CO 

rH 

co 


CM 

CO 

rH 

oo 

00 

03 

03 


M 

-1 

✓ y . 


<30 

00 

oo 

CO 

CD 

m 

CO 

03 

rH 

CT 

OO 

c - 

Tf 

rH 

rH 

CO 

m 

lO 

CM 

oo 

■tf 

CO 

CT 

in 

CO 

CT 

CD 

to 

X 

iH 

Ul 

hj 

H 





tH 

rH 

rH 

tH 

rH 

rH 






rH 




rH 



rH 



rH 



rH 

r. 

X 

x 































-4 

X 
































M 

to 
































n 

6 

H 


o 

O 

O 

'O 

o 

O 

to 

in 

O 

o 

O 

>n 

O 

O 

m 

m 

O 

m 

O 

O 

o 

m 

m 

*n 

o 

o 

n 

O 

n 


x 

v/J 



1* 

l~ 

CD 


o 

1" 

l— 

o 

o 

m 

x 

O 

m 

Cl 

03 

O 

x 

o 

o 

m 

x 

CM 

CM 

m 

n 

CM 

n 

CM 

X 

H 

O 

X 



rH 

H 


Cl 

CT) 

TP 

cO 

CO 

CD 

o 

CO 

CT 

o 

tH 

o 

Tf 

to 

Cl 

co 

co 

CD 

CT 

rH 

x 

o 

n 

n 

H 


O 

H 






X 


rH 

«H 

H 

rH 

rH 

rH 

CM 

CO 

CO 

CO 

co 

cO 

CO 

<0 

Tf 

Tf 

co 

Tf 

Tf 

Tf 

CO 

co 

x 


CP 

5 , 






























o 

H 

w 

o. 






























3t 

<1 

fc 
































































-p 

M 
































Cl 

x 



1"- 

f' 

i - 

t- 

00 

00 

oo 

CO 

CO 

CT 

CT 

CT 

CT 

CT 

CT 

CT 


O 

o 

o 

o 

O 

o 

o 

rH 

rH 

rH 

tH 

rH 


o 

X 


0 1 

CT) 

CD 

CT 

CT 

CT 

CT 

CD 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

O 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 



o 

w 


H 



•'«. 


"'v 

-i. 

s 

‘■r 

N 

' V 

% 

X 

N 


o 

s .. 

X 

X 

\ 

X 

X 

X 

X 

X 

X 

X 

X 



Is2 

H 

i — 1 

uo 

X 

<o 

X 

rH 

«n 

o 

n 

rH 

iH 

m 

O 

in 

X 

m 

v -.. 

m 

o 

o 

o 

m 

rH 

m 

»H 

n 

o 

n 

o 



U 

< 

07 

X 

CO 

X 

CO 

CO 

tH 

CO 

rH 

CO 

CO 

iH 

CO 

rH 

CO 

rH 

iH 

rH 

co 

rH 

CO 

rH 

CO 

rH 

CO 

rH 

CO 

rH 

CO 



<J 

Q 


•>, 

’■ , 

N 


N 

">• 


H 

'*«* 

'V. 

x . 

"V. 

X 


'-■» 

X 

V, 

X 

X 


\ 

X 

X 

X 

X 

X 

X 

X 





co 

co 

oo 

X 

1-1 

CO 

CD 

CO 

rH 

iH 

CO 

CD 

x 

CT 

o 

CM 

CM 

co 

Tf 

CD 

x 

CT 

o 

CM 

H 

co 

Tf 

CD 

x 








H 





i — 1 






rH 

iH 







rH 

rH 










i o 

n 

O 

lO 

o 

m 

n 

o 

o 

«n 

o 

O 

o 

m 

O 

O 

in 

o 

O 

O 

m 

m 

m 

m 

o 

m 

n 

m 

o 



hh 

to 


■O 

00 

00 

CT 1 

*n 

tp 

CM 

CT 

CD 

CT 

TP 

CD 

iH 

CT 

OD 

o 

CO 

Cl 

CM 

Tf 


co 

CO 

to 

CM 

x 

03 

CT 


n 


u: 


03 

l" 

m 

00 

00 

TP 

is 

CT 

«H 

00 

O 

o 

m 

Tf 

O 

o 

CD 

CO 

00 

m 

CT 

m 

Tf 

o 

n 

rH 

Tf 

O 


36 


£ 


CO 

00 

CO 

03 

CD 

CD 

*n 

Tf 

Tf 

Cl 

CM 

rH 

oo 

o 

CD 

co 

CT 

CT 

CD 

CO 

00 

x 

C0 

CT 

x 

CO 

CT 

CT 


K 

W 

< 





rH 

rH 

X 

rH 

rH 

rH 

rH 

rH 

rH 



rH 

rH 


X 

rH 

rH 


rH 

rH 


rH 

rH 


rH 



D 

H 






























< 

O 

Cl 

X 
































^ Cl 

w ci 


a 


H 


o n n 

n 

n 

n 

o 

n 

O 

in 

iO 

o 

n 

o 

m 

O 

n 

n 

O 

o 

n 

O 

o 

O 

n 

n 

o 

O 

n 


H 

«n 


H 1 l" 

03 

H 1 

00 

tH 

CM 

CO 

03 

o- 

n 

O' 

n 

03 

n 

l' 

r- 

n 

o 

o- 

O 

n 

o 

O' 

o- 

n 

n 

C" 

X 

< 

o 

r 4 

rH 

rH 

CM 

TP 

TP 

O- 

r- 

CO 

Cl 

oo 

CT 

n 

o 

oo 

O 

CO 

03 

o 

03 

CD 

oo 

H 

CO 

CT 

co 

O' 

O' 

H 


o 

w 









rH 



CM 

co 

03 

CO 

co 

co 

CO 

CO 

TP 

Tf 


Tf 

TP 

TP 

CO 

co 


-r w 


03 

X 



I'' 


1" 

O' 

co 

co 

oo 

oo 

CO 

CT 

03 

CT 

CT 

CT 

03 

CT 


o 

o 

o 

o 

o 

O 

o 

X 

tH 

tH 

X 

X 


X 

X 


Oj 

03 

03 

03 

03 

03 

03 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



i > 






v ^ 

X 


X 

X 

X 

X 

X 

X 

X 

X 


o 

% , 

x. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

H 

r~l 

to 

rH 

n 

tH 

rH 

n 

O 

n 

X 

X 

n 

o 

m 

X 

n 


n 

o 

n 

o 

n 

X 

m 

X 

n 

o 

lO 

o 


X 



£0 

rH 

CO 

rH 

co 

CO 

rH 

co 

rH 

CO 

CO 

rH 

CO 

tH 

CO 

tH 

rH 

tH 

co 

X 

CO 

X 

CO 

rH 

CO 

X 

co 

X 

co 


< 

<r; 

Q 




v 

’-x 



N 


"V 



'x 

'x 

X 


'X 

"X. 

X 

N 

X 

X 

X 

X 

X 

\ 

X 

"X 

X 



X 


to 

CD 

CO 

rH 

tH 

to 

CD 

CO 

rH 

X 

CO 

CD 

X 

03 

o 

Cl 

Ol 

to 

Tf 

CD 

p- 

CT 

O 

03 

X 

CO 

TP 

CD 

o* 




1 




rH 





H 






X 

X 







iH 

rH 










o 

n 

o 

n 

n 

n 

n 

n 

n 

O 

n 

m 

n 

n 

n 

n 

o 

o 

n 

o 

o 

o 

n 

n 

O 

o 

o 

o 

m 



) — l 

in 


n 

CO 

00 

CO 

co 

iH 

tH 

03 

n 


t'- 

O' 

CM 


CO 

to 

CD 

TP 

C-' 

CM 

0- 

o 

o 

co 

TP 

CT 

CT 

CM 




X 


03 

1" 

n 

o 

03 

o 

rH 

CO 

Cl 

TP 

TP 

X 

CT 

r- 

o- 

O' 

03 

X 

CO 

CT 

X 

03 

CT 

CT 

tP 

CM 

Tp 

TP 



X 



CO 

CO 

00 

co 

CD 

n 

CO 

rH 

CT 

CD 

TP 

Cl 

CM 

00 

i 

CD 

CO 

CD 

03 

00 

O' 

03 

CT 

O' 

CO 

X 

00 

CM 



u 

< 





rH 

rH 

rH 

rH 

rH 





1 

l 


) 

X 

1 

X 

X 

CM 

03 

CM 

co 

CO 

Tf 


TP 

r-i 


X 

H 


















1 


1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

< 


X 
































































w 

































Q 


H 


° 

n 

m 

n 

o 

o 

o 

O 

O 

n 

m 

O 

o 

o 

O 

o 

n 

o 

m 

n 

o 

O 

n 

O 

n 

o 

o 

o 

n 






Tf 

t' 

03 


n 

CM 

O 

CT 

r- 

i' 

O 

o 

o 

n 

o 

03 

o 

03 

CM 

n 

n 

r- 

O 

03 

n 

n 

o 

O' 

X 


O 

X 



rH 

rH 


co 

CM 

CT 

r- 

o 

i- 

o 

co 

X 

oo 

Tf 

o 

n 

CO 

CM 

n 

Cl 

Tp 

0- 

o 

CT 

oo 

CM 

co 

H 


O 

W 






rH 

rH 

rH 

tH 

03 

03 

03 

Cl 

m 

n 

rn 

CD 

CO 

CD 

CD 

CO 

CO 

00 


00 

00 

O' 

O' 

o- 



PQ 

X 






























O 


W 

X 






























38 


W 
































Tf 

Cl 

I 

o w 
:< h 
< 

< Q 

~4 




F-i 

IH 


'if. 

o 


< 

< 


H 


V", 


< 

o 


o 

1— 1 
H 



< 

l-i 


s 

PU 


K 

a. 

w 

HI 



U-t 

LTj 



W 


)-H 



H 

r 

H 


a 

X, 

w 

HH 

a 

a 

X 

►H 

< 

tH 

r4 

y. 


u. 



M 


X 

w 

o 

ca 

1— 1 

zz 


Zj 

tH 



i- 

t- 

O' 

r- 

oo 

oo 

00 

oo 

00 

03 

CD 

03 

Ol 

CT 

CT 

CT 


o 

o 

O 

O 

o 

o 

O 

X 

rH 

X 

X 

rH 

03 

03 

03 

03 

03 

03 

03 

03 

CD 

03 

03 

03 

03 

CT 

CT 

03 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

O 

O 

o 



■**-. 


X 

X 

N. 



X 

X 

X 

s v 


X 


o 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

rH 

>o 

tH 

in 

»H 

rH 

n 

o 

m 

X 

rH 

n 

o 

n 

rH 

in 


m 

o 

n 

o 

n 

rH 

n 

rH 

n 

O 

m 

O 

CO 

X 

co 

rH 

co 

CQ 

rH 

to 

X 

co 

CO 

X 

CO 

X 

co 

X 

X 

X 

CO 

X 

CO 

X 

co 

X 

co 

X 

CO 

X 

co 






X 

X 

X 


'X 

X 

H. 

X 

X 

X 

X. 

X 

X, 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

co 

CD 

c0 

rH 

*H 

CO 

CD 

oo 

X 

iH 

CO 

CD 

l-~ 

03 

O 

CM 

03 

CO 

TP 

CD 


CT 

o 

03 

X 

CO 

TP 

CD 

r- 




rH 





rH 






X 

f— 1 







X 

X 







.. 



W. 



... 

- . 






... 
















O O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

TP 

Tp 

Tf 

<30 

CO 

00 

00 

00 

00 

00 

oo 

co 

co 

co 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

TP 

TP 

TP 

CO 

00 

00 

co 

00 

00 

oo 

co 

co 

00 

00 

03 

03 

03 

CO 

00 

oo 

00 

oo 

oo 

oo 

00 

CO 

CO 

CO 

Cl 

03 

Cl 

CD 

CD 

to 

<0 

CO 

CO 

co 

to 

CD 

to 

to 




X 

rH 

rH 

rH 

tH 

X 

X 

* — i 

X 

X 

X 

Cl 

CM 

03 

CM 

CM 

CM 

03 

Cl 

CM 

CM 

CM 

CM 

03 

CM 


0 

0 

0 

o o 

o o o o 

oooooooo 

o o o o 

0 

0 

0 

0 

0 

0 

o o 

o 

o 

o 

Tf 

Tp 

Tp 

Tf 

Tp 

o 

n 

m 

TP 

TP 

Tp 

Tf 

TP 

03 

X 

TP 

CO 

to 

CO 

<0 

co 




X 

X 

X 

X 

X 







O 






O 















o 


w 





H 





o 

X 

X 



Cl 



co 


Tp 






< 


Ur 

03 

co 

Tf 

lO CD 

X 

X 

oo 

03 

03 

X 

a« 

X 

CM 

CO 

X 


n 

X 

CD 

X 


00 

co 

CT 

o 

« 

X 


1 

1 

1 

1 1 

- 

1 

1 

i 

1 

1 

• 

J 

\ 

1 

1 

1 

\ 

i 

| 

1 

I 

I 

1 

i 

X 

Tf 

X 

X 

PQ 

CD 

CP 

CP PP 

i" 

U. 

CP 

CP 

Ur 

pq 

X 

cq 

r4 


PP 


r4 

pq 

r4 


rJ 

r4 

Ur 

r4 

1 

1 

I 

1 

36 

36 

X 

S X 

1 

o 

X 

X 

O 

X 

i 

X 



X 



X 


X 



o 


J 

Ur 

r4 

« 





PQ 






r-l 















o 


s 





X 























rH 

Cl 

co 

TP 

n CD 

l- 

oa 

a> 

o 

rH 

03 

co 

Tf 

lO 

CD 

i- 

CO 

CT 

o 

X 

Cl 

CO 

Tf 

n 

to 

O' 

oo 

03 









X 

rH 

X 

X 

X 

X 

X 

X 

X 

X 

Cl 

Cl 

Cl 

CM 

CM 

CM 

Cl 

Cl 

03 

CM 


33 


ORIGINAL PAGE IS 
OF POOR QUAUTY 


TOTAL FUEL = 12762S TOTAL FUEL = 66110 TOTAL FUEL = 69000 



Rendezvous Sequence Interrupt 



34 




36 


MB1 - First Element Launch 


!> 



C. 

O 

a. 



37 


LaRC SSFO 


MB-1 Orbital Lifetime Characteristics 



38 


* CR BJ020361A 



MB-1 

Orbital Lifetime Characteristics 

(no re-boost capability) 



sjiih 3^onvN m 30 niu-iv 




to 

o . I 

$ 3 2 s 

2 |1 | 

T 3 - o 

V 3 %} & 

O ^ 4 > 


1 1 


1 s s S 
■s i i S 
>. « £ •§ 
g 5 is f 

•c -I 1 'V 
s <u s 4 

<u £ C S 3 


T> >> £> 

« -a * 


vi c g 

4 > C> & 

1 « *8 

§ g ts 

ill 

S § * 
•a Si. a 
• 8-1 
£ « 6 


S 'O h .S 

Ai W 


3 g 

4 > O 

*S & 


t> 

3 

0 

& 

1 e 

3 £ 


C/J 

a I 


40 


Typical Reboost Profile 



41 


TIME 





c 

0 

• mm 

•o 

2 

o 

£* 

2 

O 

1 

CM 

CD 


S B 


(N 


4) 


4) <2 


l 


‘fi 


.a 


42 



43 


MB— 2 Gravity Gradient Results Summary 
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Gravity gradient attitude mode recommended for contingency operations . 
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The table summarizes the fuel requirements for various combinations of rendezvous interrupt downtimes, and reboost interval 
strategies for the MTC. The nominal assembly date is assumed to be June, 1996. The lifetime from the nominal rendezvous altitude 
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orientation rather than an arrow configuration because of the attitude controllability issues identified. 
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